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To investigate the significance of hyperventilation-induced 
ST segment depression, 329 consecutive patients with an- 
gina and documented coronary artery disease who under- 
went hyperventilation and exercise tests during pharmaco- 
logic washout were studied. The hyperventilation test 
induced ST segment depression in 79 patients. In 36 of these 
79 patients, the electrocardiographic changes occurred 
early during overbreathing (Group I), whereas in 26 they 
occurred late during recovery (Group II). Seventeen pa- 
tients developed ST segment depression both during over- 
breathing and during recovery (Group III). 
Group I patients had a higher frequency of history of 
angina during exercise, multivessel disease and lower tol- 
erance to exercise as compared with patients in Group II. 
In Group I, the rate-pressure product at the time to onset of 
ST depression during overbreathing was similar to that 
during exercise (152 * 24 versus 148 f 42; p = NS), 
whereas in Group II the rate-pressure product at the time 
to onset of ST depression during recovery was comparable 
with that under control conditions (104 & 30 versus 98 f 
The hyperventilation test has been widely used to provoke 
coronary artery spasm in patients with Prinzmetal’s angina. 
In such patients, ST segment elevation, occurring during the 
recovery phase, is the most common electrocardiographic 
(ECG) feature of the positive response to the test (14). It 
has also been reported (3,5-7) that in patients with coronary 
artery disease, the hyperventilation test can induce ST 
segment depression during either overbreathing or recovery. 
Although the hyperventilation-induced ST segment depres- 
sion has been considered a positive response to the test, the 
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27; p = NS) and far less than that required to produce 
ischemia during exercise (104 f 30 versus 201 + 56; p < 
0.001). In nine Group III patients, the acute administration 
of propranolol prevented the early hyperventilation- 
induced ST segment depression, whereas nifedipine abol- 
ished the delayed hyperventilation-induced ST segment 
depression. 
These findings suggest that early hyperventilation- 
induced ST segment depression is due to increased oxygen 
demand in patients with poor coronary reserve and may be 
prevented by beta-adrenergic blockers, which are useful for 
lowering oxygen consumption. Delayed hyperventilation- 
induced ST segment depression, occurring in patients with 
a high incidence of angina at rest and longer exercise 
duration, is probably related to a primary reduction in 
coronary blood flow and may be prevented by calcium 
antagonists that abolish abnormal coronary vasoconstric- 
tion. 
(J Am Co11 Cardiol1989;13:804-10) 
pathophysiology of these ECG changes has not been thor- 
oughly elucidated. This study was undertaken to investigate 
the significance of hyperventilation-induced ST segment 
depression in patients with angiographically proved coro- 
nary artery disease. 
Methods 
Study patients. Between April 1985 and July 1987, 329 
consecutive patients admitted to our clinic because of angina 
pectoris underwent both hyperventilation and exercise tests. 
Among these patients, 79 were selected for study because 
they fulfilled the following criteria: 1) significant ECG re- 
sponse to hyperventilation, with ST segment depression of 
at least 0.1 mv 80 ms after the J point, with or without chest 
pain, and 2) angiographically documented coronary artery 
disease. 
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The hyperventilation test was not performed in patients 
with chronic pulmonary disease, left bundle branch block, a 
clinical condition that did not justify temporary withdrawal 
of antianginal therapy such as crescendo angina, prolonged 
chest pain at rest, poor response to nitroglycerin, severe 
ventricular arrhythmias or left ventricular failure during 
angina1 attacks. 
Hyperventilation and exercise stress testing. Hyperventi- 
lation and exercise stress testing were performed at 9 to 12 
A.M. with the patient in the supine position after pharmaco- 
logic washout. Beta-adrenergic blocking agents were gradu- 
ally withdrawn 3 days before testing, and nitrates and 
calcium channel antagonists were stopped at least 24 h 
before study. Only sublingual nitroglycerin was used during 
the latter period; a minimum of 2 h was allowed to elapse 
before testing was begun if nitroglycerin was used. 
After the 12 lead ECG and blood pressure (cuff) were 
recorded, under continuous ECG monitoring, the patients 
were asked to breathe as rapidly and deeply as possible (at 
least 30 respirationsjmin) for 5 min (2). A 12 lead ECG and 
blood pressure were recorded every minute during the test 
and during the recovery phase for at least 10 min. The 
product of heart rate and systolic blood pressure (beatsimin 
x systolic blood pressurei100) was calculated and used as an 
index of myocardial oxygen consumption. During the test 
and the recovery phase, the time to onset of ST segment 
depression was recorded. When necessary, sublingual nitro- 
glycerin was administered after recording of a 12 lead ECG. 
A minimal interval of 2 h was allowed to elapse between the 
end of the hyperventilation test and exercise test. 
The exercise stress testing was performed on a constant 
load bicycle ergometer with an initial work load of 25 W and 
subsequent increments of 25 W every 3 min. A standard 12 
lead ECG and blood pressure (cuff) were recorded before the 
test and at 1 min intervals during the exercise test and the 
recovery phase. The criteria for a positive exercise test were 
the same as those for the hyperventilation test. An estimate 
of myocardial oxygen consumption was also made from the 
rate-pressure product. Each patient gave informed consent 
for participation in the study. 
Drug administration. In nine patients in whom hyperven- 
tilation induced ST segment depression during both over- 
breathing and recovery, the test was repeated at the same 
time on different days after the acute administration of 
nifedipine (20 mg sublingually) or propranolol (0.1 mg/kg 
intravenously). The tests were performed 20 min after drug 
administration. 
Coronary arteriography. All patients underwent coro- 
nary arteriography with use of the Sones or the Judkins 
technique after premeditation with diazepam (10 mg). Mul- 
tiple views of each vessel were filmed. When a lesion was 
noted, the vessel was filmed again in multiple views after the 
administration of nitroglycerin. Stenosis with a >50% diam- 
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eter reduction persisting after nitroglycerin administration 
was considered significant. 
Left main coronary artery stenosis 250% was considered 
significant. Patients were classified as having one, two or 
three vessel disease according to the number of vessels with 
significant stenosis. Left main coronary artery lesions were 
classified as two vessel disease. 
Statistical analysis. The Yates-corrected chi-square test 
was used to compare all the baseline characteristics among 
groups. Continuous data are presented as mean values t 
SD, and and the statistical analysis was performed by 
Student’s t test for paired and unpaired data, as appropriate. 
A value of p < 0.05 was considered statistically significant. 
Results 
Patient groups. Among the initial 329 patients, 160 had a 
positive response to hyperventilation; during hyperventila- 
tion-induced myocardial ischemia, 75 patients showed ST 
segment elevation and the remaining 8.5 patients manifested 
ST segment depression. Among the 75 patients who pre- 
sented with ST segment elevation, 67 had significant coro- 
nary artery stenosis; 79 of the 85 patients with ST segment 
depression were found to have significant coronary artery 
disease and these patients constitute the study group. A 
negative response to the hyperventilation test was observed 
in 169 patients, 64 of whom had normal coronary arteries. 
The 79 patients selected for the study were classified into 
three groups. Group I included 36 patients who developed 
ST segment depression early during overbreathing, whereas 
Group II consisted of 26 patients who showed ST segment 
depression late during recovery. The two groups were 
compared with each other with regard to the baseline char- 
acteristics and exercise and hyperventilation results. Group 
III comprised 17 patients who developed ST segment de- 
pression during both overbreathing and recovery. In all 17 
patients, the ECG changes appearing during overbreathing 
subsided spontaneously after cessation of overbreathing, but 
returned during recovery. 
Group I and Group II 
Clinical and angiographic characteristics (Table 1). There 
were 29 men (81%) in Group I (early ST depression) and 23 
(88%) in Group II (late ST depression during recovery) (p = 
NS). The mean age was 56 years (range 46 to 70) in Group I 
and 49 years (range 37 to 65) in Group II (p = NS). A history 
of angina during exercise was found in 23 patients (64%) in 
Group 1 and 7 patients (27%) in Group II, whereas symptoms 
were seen only at rest in 6 patients (17%) in Group I and in 
11 patients (42%) in Group II. The remaining seven Group I 
patients (19%) and eight Group II patients (30%) experienced 
angina1 attacks during both exercise and rest. This distribu- 
tion was statistically significant (p < 0.05). No difference 
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Table 1. Data From 62 Patients With Angina and Documented 
Coronary Artery Disease Who Had a Positive Hyperventilation 
Test Response During Overbreathing (Group I) and During 
Recoverv (&our, II) 
Group 1 Group II I vs. II 
Mean 
Age (yr) 
Previous AM1 
Effort 
Effort and rest angina 
Rest 
Positive exercise stress test 
(% of patients) 
Mean exercise duration (s) 
1 VD 
2 and 3 VD 
Exercise RPP at the time to the 
onset of ST depression 
HV RPP at the time of the 
onset of ST depression 
80% 
56 
19% 
64% 
19% 
17% 
100% 
205 t 151 
15% 
85% 
148 ? 42 
152 ? 24 
88% 
49 
23% 
21% 
30% 
42% 
73% 
585 1?- 259 
57% 
43% 
201 2 56 
104 ? 30 
NS 
NS 
NS 
p < 0.01 
p < 0.01 
p i 0.001 
p < 0.001 
p < 0.005 
p < 0.001 
AM1 = acute myocardial infarction; HV = hyperventilation; NS = not 
significant; RPP = rate-pressure product (heart rate x systolic blood pressure/ 
100); VD = one vessel disease; 2 and 3 VD = two and three vessel disease. 
was found in the two groups as to the presence of previous 
myocardial infarction (seven Group I patients [19%] versus 
six Group II patients [23%]) (p = NS). Among the 36 patients 
in Group I, 6 (17%) had single vessel disease and 30 (83%) 
had involvement of two or more vessels; in Group II, 
coronary arteriography showed single vessel disease in 15 
patients (58%) and significant coronary stenosis of two or 
more vessels in 11 (42%). The difference in the extent of 
coronary artery disease was statistically significant (p < 
0.01). 
Exercise stress testing. A positive response to exercise 
associated with ST segment depression was observed in all 
patients (100%) in Group I and in only 19 patients (73%) in 
Group II (p < 0.01). The ECG changes were accompanied by 
chest pain in 21 patients (58%) in Group I and in 12 patients 
(46%) in Group II (p = NS). The control rate-pressure 
product was similar in both groups (Group I: 101 2 26; 
Group II: 89 2 19; p = NS). Group II patients showed a 
significantly longer exercise duration (Group I: 205 rt 151 s; 
Group II: 585 i 259 s; p < 0.001) with higher rate-pressure 
product (Group I: 170 ? 41; Group II: 228 ? 57; p < 0.01) 
and comparable ST segment depression at peak exercise 
(Group I: 1.9 2 1 mm; Group II: 1.7 ? 0.9 mm; p = NS). 
In a comparison of Group II and Group I patients, the 
time to onset of ST depression was reached at a higher level 
of exercise (Group I: 108 + 84 s; Group II: 384 ? 222 s; p < 
0.001) with higher values of rate-pressure product (Group I: 
148 + 42; Group II: 201 i 56; p < 0.005). 
Hyperventilation test. During hyperventilation-induced 
ST segment depression, 19 Group I patients (53%) experi- 
enced angina compared with 16 Group II patients (62%) (p = 
NS). In Group I, hyperventilation-induced ST segment de- 
pression occurred in inferolateral leads in 17 patients and in 
anterior leads in 19; in Group II, the inferolateral leads were 
involved in 10 patients and anterior leads in 14. The mean 
duration of the ECG changes was 142 t 172 s in Group I and 
113 ? 168 s in Group II (p = NS). The control rate-pressure 
product was similar in both groups (Group I: 105 ? 29; 
Group II: 98 +- 27; p = NS). In Group I, the onset of ST 
depression was reached during the test after 185 2 93 s of 
overbreathing, whereas in Group II, it was reached 129 ? 
109 s after the end of overbreathing. The mean rate-pressure 
product at the time to onset of ST depression was signifi- 
cantly higher in Group I as compared with Group II (Group 
I: 152 t 24; Group II: 104 + 30; p < 0.01) (Fig. 1 and 2). 
Group III 
Clinical and angiographic characteristics. Among the 17 
Group III patients (ST depression during both overbreathing 
and recovery), 14 (82%) were men with a mean age of 55 
years (range 46 to 66). Four patients (23%) had a history of 
Figure 1. Group I patient (early ST depression). 
Electrocardiographic and rate-pressure product 
(RPP) changes before (left), during (middle) and after 
(right) hyperventilation (HV). ST segment depres- 
sion in leads V, to V, in association with chest pain 
appeared during overbreathing at a higher rate- 
pressure product as compared with control condi- 
tions. rec. = recovery. 
JACC Vol. 13, No. 4 
March 15. 1989:804-10 
Figure 2. Group 11 patient (late ST depres- 
sion). Electrocardiographic and rate-pres- 
sure product (RPP) changes before (left), 
during (middle) and after (right) hyperventi- 
lation (HV). ST segment depression in leads 
V, to V, in association with chest pain 
appeared during recovery, with a rate- 
pressure product (RPP) similar to that ob- 
served under control conditions. rec. = re- 
covery. 
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angina during exercise, 3 (18%) had angina only at rest and 
the remaining 10 (59%) experienced angina1 attacks during 
both effort and at rest. Four patients (23%) had history of 
previous myocardial infarction. Coronary arteriography 
showed one vessel disease in eight patients (47%) and 
significant coronary stenosis in two or more vessels in nine 
patients (53%). 
Exercise test. All patients showed a positive response to 
the exercise test, and ST segment depression was always 
accompanied by chest pain. The mean exercise duration was 
236 it 181 s. The onset of ST depression was reached after 
144 -+ 69 s of exercise at a mean rate-pressure product of 
158 ? 32. 
Hyperventilation test. This test induced ST segment de- 
pression sequentially during both overbreathing and during 
recovery; the inferolateral leads were involved in eight 
patients and the anterior leads in the remaining nine patients. 
The mean duration of the ECG changes occurring during 
overbreathing and recovery were 129 2 108 and 132 ? 130 s, 
respectively (p = NS). Four patients (23%) experienced 
angina only during the test, 2 patients (12%) only during 
recovery and 11 patients (65%) during both overbreathing 
and recovery. The onset of ST depression during the test 
occurred after 181 f 55 s of overbreathing at a mean 
rate-pressure product of 145 ? 44, and the onset of ST 
depression during the recovery phase was reached after 
194 t 205 s from the end of overbreathing at a mean 
rate-pressure product of 110 ? 20. 
Hyperventilation after premeditation with propranolol or 
nifedipine (Table 2). All nine patients who underwent phar- 
macologic evaluation were men with a mean age of 56 years. 
During the run-in hyperventilation test, all patients showed 
ST segment depression in the active phase of the test, with a 
mean rate-pressure product of 158 2 28 at the time to onset 
of ST depression, whereas during recovery, the onset of ST 
segment depression occurred at a mean rate-pressure prod- 
uct of 93 ? 12. 
After the administrution of propranolol, none of the 
patients developed ischemic ECG changes during the test, 
whereas all patients showed ST segment depression during 
recovery in the same ECG leads that occurred during the 
initial test, with a mean rate-pressure product of 69 + 16 at 
the time to onset of ST depression. 
After the administration of nifedipine, none of the pa- 
tients developed ST segment depression during recovery, 
whereas all patients developed ST segment depression dur- 
ing overbreathing in the same leads as during the initial test, 
with a mean rate-pressure product of 171 -C 26 at the time to 
onset of ST depression (Fig. 3). No differences were noted 
among the three groups with regard to hyperventilation- 
induced changes in blood pressure. 
Discussion 
Ischemic and pseudoischemic hyperventilation-induced 
electrocardiographic changes. Hyperventilation is known to 
be associated with ECG changes in persons without appar- 
ent heart disease. The ECG change usually observed is 
appearance or accentuation of nondiagnostic T wave inver- 
sion, although ST segment depression has occasionally been 
Table 2. Effect of Propanolol and Nifedipine in 9 of the 17 Group 
III Patients Who Had a Positive Hyperventilation Test Response 
During Both Overbreathing and Recovery. Electrocardiographic 
and Rate-Pressure Product Changes at the Time to Onset 
of ST Depression 
Overbreathing Recovery 
ST ST 
Control Depression Depression 
RPP (pts) RPP (Pts) RPP 
Run-in 91 ? 14 9 158 2 2w 9 93 + 12 
Propranolol 65 -+ 9* 0 9 69 k 16 
Nifedipine 96 _t II 9 171 i- 26: 0 
*p 0.05 versus baseline values: tp 0.005 versus control values. Abbrevi- 
ations as in Table 1. 
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Figure 3. Group III patient (early and late 
ST depression). The hyperventilation 
(HV) test was performed after the acute 
administration of propranolol (P) (0.1 mgi 
kg) and nifedipine (N) (20 mg sublingu- 
ally). In pharmacologic washout (W.O.), 
the test showed a positive response during 
both overbreathing and recovery (REC). 
After propranolol, the rate-pressure prod- 
uct was reduced and the hyperventilation 
test induced chest pain and ST segment 
depression only during recovery. After 
nifedipine, the hyperventilation test re- 
sulted in ST segment depression only dur- 
ing overbreathing and not during recov- 
ery. 
seen. The incidence of these pseudoischemic ST segment 
changes with hyperventilation is ~2% (8-11). Such pseu- 
doischemic hyperventilation-induced changes usually ap- 
pear only during the overbreathing phase of the test 
and not during the recovery phase. In our series of 
patients with documented coronary artery disease, we did 
not consider the hyperventilation-induced T wave alteration, 
and among the ST segment changes, only ~1 mm of hori- 
zontal or downsloping ST segment depression, occurring 
>80 ms after the J point, was considered to be an ischemic 
response. 
Among 79 patients in whom hyperventilation caused 
ischemic ECG changes, we observed 36 patients with early 
ischemic changes (during overbreathing) (Group I), 26 pa- 
tients with delayed ischemic changes (during recovery) 
(Group II) and 17 patients with ST segment depression 
during both overbreathing and recovery (Group III). The 
early positive response to the hyperventilation test was 
associated with a higher incidence of patients with a history 
of angina during exercise, multivessel disease and poor 
exercise tolerance. The rate-pressure product required to 
produce ischemia during hyperventilation was comparable 
with that required to produce ischemia during exercise (Fig. 
4). These observations make it very likely that ischemia 
produced during overbreathing is caused by an increase of 
myocardial oxygen demand. On the other hand, in patients 
with delayed hyperventilation-induced ischemia, we ob- 
served a higher frequency of angina at rest and single vessel 
disease. The mean exercise duration was longer, and seven 
patients showed a negative response to exercise stress 
testing. The rate-pressure product at the time to onset of ST 
depression was comparable with that under control condi- 
tions and far less than that required to produce ischemia 
during exercise (Fig. 4). Accordingly, we believe that hyper- 
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(mean value t SD) under control condi- 
tions and at the onset of ST segment 
depression (ischemia) during exercise and 
hyperventilation tests in Groups I and II. 
In Group I, the rate-pressure product at 
the time to onset of ST depression during 
exercise (open columns) and hyperventila- 
tion (shaded columns) was comparable, 
whereas in Group II, the rate-pressure 
product for exercise was significantly 
higher than that during hyperventilation. 
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ventilation-induced ST segment depression during the recov- 
ery phase is probably due to a primary reduction in coronary 
blood flow. 
It has been demonstrated that in patients with Printzme- 
tal’s variant angina, the delayed hyperventilation-induced 
ST segment elevation is a result of coronary spasm; simi- 
larly, in our patients, the delayed hyperventilation-induced 
ST segment depression may also be attributed to the same 
pathogenetic mechanism. The different ECG features may 
be explained by different degrees of coronary vasoconstric- 
tion or the presence of collateral circulation. In severe 
coronary lesions, even a minimal reduction in the stenotic 
area can lead to a dramatic increase in the transstenotic 
gradient, with a reduction in poststenotic pressure, resulting 
in subendocardial ischemia. In theory, subendocardial isch- 
emia can also be provoked by total occlusion of the vessel at 
the site of a critical stenosis in a territory perfused by 
collateral vessels (12). 
Effect of antianginal drugs on hyperventilation-induced ST 
segment depression. In Group III patients, the rate-pressure 
product at the time to onset of ST depression during over- 
breathing was significantly increased as compared with that 
under control conditions. No significant change in rate- 
pressure product was observed at the time to onset of ST 
segment depression during recovery. The data suggest that 
in these patients, two different pathogenetic mechanisms are 
responsible for the occurrence of ischemia both during and 
after the test. Despite the small number of observations, this 
hypothesis has been further supported by the different 
response to specific antianginal drugs (specifically, nifedi- 
pine, a calcium channel blocking agent that lowers coronary 
tone and prevents the occurrence of coronary artery spasm, 
showed a beneficial effect on the delayed hyperventilation- 
induced ischemia, whereas propranolol, by reducing myo- 
P.NS 
_ 
L 
1 
Onset of Control Onset of 
ischemia ischemia 
cardial oxygen consumption, was effective in preventing the 
early hyperventilation-induced myocardial ischemia). 
Limitations of the study. There are possible limitations in 
the present study. One important objection is that hyperven- 
tilation may induce ECG alterations that resemble changes 
suggestive of myocardial ischemia. However, hyperventila- 
tion-induced pseudoischemic ECG changes are unusual (8), 
and most patients who have hyperventilation-induced isch- 
emit-appearing changes do not have obstructive coronary 
artery disease or associated chest pain. Moreover, in our 
patients, the hyperventilation-induced ST segment depres- 
sion was similar to that observed during exercise stress 
testing. 
The critical level of oxygen consumption at which myo- 
cardial ischemia occurred during exercise stress testing was 
estimated by the heart rate-systolic blood pressure product. 
The rate-pressure product correlates well with myocardial 
oxygen consumption during exercise; to the best of our 
knowledge, no correlation has been made between the 
rate-pressure product and myocardial oxygen consumption 
during hyperventilation. However, because strenous hyper- 
ventilation provoked an increase in heart rate and systolic 
blood pressure in our patients comparable with that ob- 
served during the exercise test, though at a lower level, there 
are no reasons to assume that the rate-pressure product is 
not a reliable index of myocardial oxygen consumption 
during hyperventilation. 
Clinical implications. In the present series of 329 hyper- 
ventilation tests, no serious complications were observed. 
Thus, as previously suggested, the hyperventilation test 
seems to be a safe and useful diagnostic procedure that can 
be employed as a provocative test. Hyperventilation- 
induced ECG changes can occur during either overbreathing 
or recovery and are probably based on different pathogenetic 
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mechanisms. Recognition of the cause underlying the hyper- 
ventilation-induced myocardial &hernia is important for a 
rational therapeutic approach. 
A beta-adrenergic blocking agent should be the most 
effective treatment if myocardial ischemia occurs only dur- 
ing overbreathing when the metabolic demand is increased, 
but it could be ineffective if a vasoconstrictive mechanism is 
implicated, such as during delayed hyperventilation-induced 
ischemia. In such cases, a calcium channel blocking agent, 
which lowers coronary tone and prevents the occurrence of 
coronary artery spasm, has a beneficial effect. 
References 
Yasue H, Nagao M, Omote S, Takizawa A, Miwa K, Tanaka S. Coronary 
arterial spasm and Prinzmetal’s variant form of angina induced by 
hyperventilation and Tris-buffer infusion. Circulation 1978;58:56-62. 
Girotti LA, Crosatto JR, Messuti H, et al. The hyperventilation test as a 
method for developing successful therapy in Prinzmetal’s angina. Am J 
Cardiol 1982;49:834-41. 
Mortensen SA, Vilhelmsen R, Sandoe E. Non-pharmacological provoca- 
tion of coronary vasospasm. Experience with prolonged hyperventilation 
in the coronary care unit. Eur Heart J 1983;4:391-7. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Ardissino D, De Servi S, Falcone C, et al. Role of hypocapnic alkalosis in 
hyperventilation-induced coronary artery spasm in variant angina. Am J 
Cardiol 1987;59:707-9. 
Rasmussen K, Bagger JP, Bottzauw J, Henningsen P. Prevalence of 
vasospastic ischaemia induced by the cold pressor test or hyperventila- 
tion in patients with severe angina. Eur Heart J 1984;5:35til. 
Crea F, Davies G, Chierchia S, et al. Different susceptibility to myocar- 
dial ischemia provoked by hyperventilation and cold pressor test in 
exertional and variant angina pectoris. Am J Cardiol 1985;56:18-22. 
Rasmussen K. Juul S, Bagger JP, Henningsen P. Usefulness of ST 
deviation induced by prolonged hyperventilation as a predictor of cardiac 
death in angina pectoris. Am J Cardiol 1987;59:763-8. 
Tommaso CL, Gardin JM. Pseudoischemic ST segment changes induced 
by hyperventilation. Primary Cardiol 1983;9: 11 l-9. 
McHenry PL, Cogan OJ, Elliott WC, Knoebel SB. False positive ECG 
response to exercise secondary to hyperventilation: cineangiographic 
correlation. Am Heart J 1970;79:683-7. 
Lary D, Goldschlager N. Electrocardiographic changes during hyperven- 
tilation resembling myocardial ischemia in patients with normal coronary 
arteriograms. Am Heart J 1974;87:383-90. 
Biberman L, Sarma RN, Surawicz B. T-wave abnormalities during 
hyperventilation and isoproterenol infusion. Am Heart J 1971;81:166-74. 
De Servi S, Specchia G, Angoli L. Coronary artery spasm of different 
degrees as cause of angina at rest with ST segment depression and 
elevation. Br Heart J 1979;42: 110-2. 
